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Abstract 
The knowledge of the current traffic state is an important prerequisite for effective traffic 
management. This paper presents the development of a uniform classification concept defining the 
traffic conditions on freeways and urban roads. In order to determine an appropriate traffic flow 
parameter for a comprehensible representation of the traffic condition, data from freeways and urban 
roads in Germany were collected and analyzed based on both segment-based and local measurements. 
As expected, the average speed per segment leads to a more precise description of the traffic condition 
than local speed values from stationary detectors. GPS test runs with probe vehicles were made to 
record the floating car's driving speed. During the test runs, a subjective evaluation of the traffic flow 
quality was provided by probands. Based on these data, threshold values for a six-step classification 
scheme were derived. For providing more comprehensible traffic information for the road users, the 
developed scheme was converted into a three-step system. The scheme was tested using examples 
from cross-competence traffic management. The developed classification scheme is mainly suitable 
for application in traffic information systems. For traffic control applications, more specific definitions 
of traffic states are usually required. 
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1 Introduction 
The optimal utilization of the existing road infrastructure is an essential goal of traffic management 
for both federal highways and the urban road network. For implementing traffic management and 
control applications, the current traffic conditions within the network must be known. Besides 
operating intelligent traffic systems, traffic management increasingly implies the provision of both 
pre-trip and on-trip traffic information. Consequently, it is important to precisely determine the current 
traffic condition for a particular route or network. The task of standardizing the measurement of traffic 
parameters is complicated by the lack of cross-competence definitions of traffic conditions for real-
time applications. This concerns both freeways and the subordinate road network. 
In the German Highway Capacity Manual HBS (FGSV, 2015), the parameters used to evaluate the 
traffic flow quality differ depending on the traffic facility and the type of road. For freeways, the 
quality of service assessment is based on the volume-to-capacity ratio, whereas in the HCM (TRB, 
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2010), traffic density is used as the measure of effectiveness. Furthermore, there are various methods 
differing in the number of service levels as well as the parameters used for evaluation. The approaches 
reach from two steps (fluid and congested traffic) to six steps (Kim and Keller, 2001). Many of these 
methods are based on a differentiation of traffic states in the flow-density diagram (Greenshields, 
1934, Kerner and Rehborn, 1998, Zhang, 1999, Kerner, 2000, Kim and Keller, 2001, Regler, 2004, 
Brilon et al., 2005). Other approaches define service levels based on speed (Breitenstein et al., 1980), 
traffic flow or traffic density (Breitenstein et al., 1980, Schnabel and Lohse, 1997). In addition, there 
are approaches being limited to evaluating congested traffic, using various parameters (Brilon and 
Estel, 2009) or jam patterns in space-time-diagrams (Treiber and Kesting, 2010).  
The quality of transport in the subordinate road network can be evaluated according to the HBS 
(FGSV, 2015) and the HCM (TRB, 2010) by determining a ratio of the expected driving speed in 
relation to the aimed or optimal driving speed. Other approaches use the ratio of achieved and optimal 
travel time (Busch et al., 2004) or the average driving speed (Schnabel et al., 1998, Brilon and 
Schnabel, 2003, Spangler, 2009). The number of steps differs between three and six being defined by 
threshold values of the used parameter. 
In this paper, the development of a uniform classification scheme for road traffic conditions is 
presented. This uniform classification scheme should be applicable for all stakeholders (e. g. federal 
state and local road authorities, private service providers) and both infrastructure and vehicle-based 
applications. The classification scheme was developed based on traffic flow measurements and GPS 
test runs with probands who subjectively evaluated the traffic flow quality. Furthermore, the capability 
of different data collection methods to obtain a realistic representation of the current traffic condition 
on a road link was evaluated. 
2 Literature Review and Expert Interviews 
In the first step, an extensive analysis of national and international sources on existing methods for 
classifying traffic conditions was carried out. Theoretical approaches for describing different traffic 
conditions as well as operating guidelines were considered. In order to compile current methods of 
classifying the traffic condition and to take into account the requirements of all stakeholders, experts 
from traffic management centers, public and private providers of traffic information services, as well 
as representatives of the ITS industry were interviewed.  
The results of the literature review confirmed that neither uniform definitions nor comparable 
classification schemes are being used for describing the traffic flow quality. This applies to both 
freeways and the subordinate network. Several different approaches to describe the traffic flow on 
freeways are in use. These approaches differ in complexity as well as the evaluation of the parameters 
they are based on. Traffic flow on urban roads is mostly determined by the delays at intersections. 
Therefore, either the average travel time per road section or the resulting average travel speed is 
generally used as a parameter of traffic flow quality. Alternatively, a travel time index is applied as a 
parameter which is related to either a reference travel time or speed. In both cases, various threshold 
values are in use. 
The accuracy requirements for the use of traffic classification schemes in intelligent traffic control 
systems are considerably higher than in traffic information systems. During the expert interviews it 
became apparent that determining the traffic flow quality for traffic control applications is a complex 
type of evaluation. The methods using merely one parameter for distinguishing different levels of 
quality (e. g. according to the German Highway Capacity Manual HBS) are usually not sufficient. 
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3 Methodology 
To determine the influence of different data detection systems on the determination of traffic 
conditions, various types of parameters were detected and surveyed. Data from both stationary (e. g. 
loop detectors and radar systems) and distance-based detection systems (e. g. Bluetooth and Automatic 
Number Plate Recognition (ANPR)) were analyzed and compared. For reconstructing driving speeds 
between existing stationary detection systems and calculating the corresponding time losses, model-
based methods (e. g. the Adaptive Smoothing Method (ASM), cf. Treiber and Kesting, 2010) were 
applied. 
As the classification scheme should be applicable to different types of roads, GPS tracks of probe 
vehicles were recorded on freeways and main urban roads. The seven different routes chosen for the 
measurement runs included three routes on freeways (length between 8 and 44 km) and four routes in 
the subordinate network (length between 2 and 14 km). In total, the measurement runs covered 148 
hours of driving, in which GPS tracks of the probe vehicles were collected. 
To reproduce the user‘s perspective regarding the evaluation of traffic conditions, test persons 
attended the measurement runs, giving continuous subjective evaluations concerning the traffic flow 
quality during the test drives. The subjective ratings were correlated with the average travel speed 
detected by the GPS receiver and subsequently used to determine threshold values for classifying 
traffic conditions. 
The results of the literature review, the expert interviews and the performed measurement runs 
were used to generate a reproducible classification of traffic conditions. Afterwards, the developed 
classification scheme was compared with existing schemes and evaluated using real examples from 
cross-competence road traffic management. Recommendations for application were given on this basis 
and limitations of applicability were pointed out. 
4 Measurement Results 
As the classification scheme to be developed should be applicable based on available data sources, 
the significance of different traffic parameters was tested and evaluated for real-world examples. 
Measurements were performed on both freeways and urban roads. Subsequently, data from various 
detection systems were registered, interpreted and compared with the GPS probe vehicle data. The 
measurement periods included both peak times and off-peak periods in order to cover the relevant 
traffic conditions varying from free flow to congestion. An analysis and comparison was performed 
for data from stationary (loop detectors and radar systems) and distance-based detection systems 
(Bluetooth and ANPR).  
For freeways, several factors influencing the travel times and travel time losses, like the applied 
detection system and calculation method as well as the choice of a suitable reference speed, were 
determined. During the testing phase, several traffic congestions occurred, which could be analyzed 
concerning their temporal and spatial spread. Segment-based travel times were gained by the GPS data 
of the test vehicle being illustrated by a trajectory. By that, the average driving speed can 
approximately be determined, though the described traffic condition is restricted to the range of the 
trajectory. Other segment-based travel times were obtained with a Bluetooth detection system, which 
showed good accordance. The applied model-based methods for reproducing the speed between the 
detection systems were compared and provided accordant images of the traffic condition. 
Fig. 1 shows time series of congestion-related travel time losses for an example freeway section in 
the Frankfurt area with a length of 8.5 km. Both travel time losses obtained from Bluetooth data and 
the ASDA/FOTO model as well as six values of time losses obtained from GPS probe vehicle tracks 
are illustrated. The Bluetooth data show delays based on signals received from vehicles at the 
beginning and the end of the section using Bluetooth devices such as headsets and phones. The 
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ASDA/FOTO model calculates delays by reconstructing spatial-temporal congested traffic patterns 
based on loop detector data using the three-phase traffic theory (Kerner and Rehborn, 1996). The six 
delay values obtained from GPS probe vehicle tracks result from the six test runs during the examined 
afternoon (in this case: two cars, three runs each). 
Fig. 2 shows a comparison of the spatio-temporal speed distribution according to the Adaptive 
Smoothing Method (ASM) with the recorded GPS-trajectories for a 40 km freeway section in the 
Frankfurt area. The ASM is a data processing method which reconstructs speed values based on loop 
detector data between the detector locations. By taking into account the characteristic propagation 
velocities observed in free and congested traffic, spatio-temporal dynamics can be considered (Treiber 
and Kesting, 2010). The reconstructed speed values are visualized using the colors green (free) to red 
(congested traffic). Based on the gradient of the GPS-trajectory, it is clearly recognizable how the 
probe vehicles crossed different traffic states. For all analyzed freeway sections, the applied methods 
delivered reasonably similar speed and delay values. 
 
 
Figure 1: Comparison of travel time losses obtained from GPS probe vehicle tracks, the ASDA/FOTO model 
and Bluetooth data for a freeway section (A 5 between Frankfurt-Northwest and Bad Homburg) 
0
5
10
15
20
25
11
:0
0
12
:0
0
13
:0
0
14
:0
0
15
:0
0
16
:0
0
17
:0
0
18
:0
0
19
:0
0
20
:0
0
21
:0
0
22
:0
0
de
la
y 
(m
in
)
time
GPS
ASDA/FOTO
Bluetooth
1 2                    3  4                   5 6
Traﬃc Flow Quality from the User’s Perspective S. Hohmann and J. Geistefeldt
724
  
Sm
del
sig
int
tra
vo
spe
dif
han
par
det
be 
to 
sys
dis
veh
int
of 
of 
can
Figure 2: Inte
oothing Metho
For the mea
ivered large 
nificantly in
ersections. Al
ffic volume an
lumes, the det
eds. In addit
fering average
For the insta
d, technical 
ameter has to
ection is inex
precisely dete
Overall, the 
the limited s
tems and prob
tance-based) 
icles passed 
ersections can
Thus, as exp
the traffic con
the limited tes
 be made. Ho
raction of GPS
d 
surements on
ranges of av
fluences the 
so the traffic 
d hence low 
ected speeds 
ion, groups o
 speeds partly
llation of loca
requirements 
 be ensured. 
act. The posit
rmined. This 
quality of the 
cope of the m
e vehicle dat
speed measur
the section 
 hardly be cap
ected, the ave
dition than l
ting phase, n
wever, a com
-trajectories and
 urban roads
erage speeds.
travel times
volume influ
speed level, th
are in a wide r
f vehicles ar
 with and par
l detection sy
have to be fu
For radar det
ion of a regist
can slightly a
particular det
easurements
a delivered si
ements and th
with or with
tured by stati
rage speed pe
ocal speed me
o general state
parison of the
 the spatio-tem
, the analysis
 The number
, especially 
ences the ran
e single vehi
ange due to t
e separated b
tly without st
stems, the po
lfilled. On the
ection, ANPR
ered vehicle w
ffect the deter
ection system
. However, it
milar speeds. 
e speeds of th
out stopping 
onary detectio
r road segme
asurements f
ment about th
 analyzed me
poral speed dis
 of data from
 of intersecti
in case of
ge of average
cle speeds are
he influence o
y switching
ops. 
sition should
 other hand,
, and Bluetoo
ithin the det
mined speed a
s could not be
 could be obs
Deviations be
e GPS probe
at traffic lig
n systems.  
nt clearly lead
rom stationary
e quality of e
thods resulted
tribution accor
 stationary 
ons controlled
short segme
 speeds. For 
 similar, wher
f the drivers’ 
traffic lights
be chosen car
the significan
th systems, t
ection area of 
nd travel tim
 comprehens
erved that st
tween station
vehicles depe
hts. The influ
s to a more p
 detection sy
ach individua
 in considerab
ding to the Ada
detection sys
 by traffic l
nts between 
sections with 
eas for low tr
individual de
, which resul
efully. On the
ce of the dete
he location o
the system ca
e. 
ibly evaluated
ationary dete
ary (either loc
nd on whethe
ence of stop
recise descrip
stems. As a r
l detection sy
le congruence
 
ptive 
tems 
ights 
two 
high 
affic 
sired 
ts in 
 one 
cted 
f the 
nnot 
 due 
ction 
al or 
r the 
s at 
tion 
esult 
stem 
.  
Traﬃc Flow Quality from the User’s Perspective S. Hohmann and J. Geistefeldt
725
  
5 Development of a uniform classification scheme 
For reasons of comprehensibleness for the road users, the average travel speed was selected as the 
basic parameter of the classification scheme to define different traffic states. For analyzing the 
subjective evaluation of the traffic flow quality given by test persons, a total of more than 15,000 
individual evaluations for 13 freeway segments and 37 urban road segments were taken into account. 
Each test run was rated by up to four people, who were either present at the test runs or watched 
videos made from the co-driver´s position. For the evaluation, a school grade system from “very 
good” (grade 1) to “unsatisfactory” (6) was applied. For more detailed results, grading in steps of 0.1 
was permitted. In the following, the development of the classification scheme for freeways is 
demonstrated.  
By relating the average speed to the subjective evaluation, explicit correlations could be identified 
(cf. Fig. 3). In addition, data from stationary detectors were used in order to relate the flow rate or 
traffic density to the subjective evaluations and to determine possible correlations (cf. Fig. 4 and 5). 
The flow rate appears not to influence the evaluation, whereas a correlation between traffic density 
and the subjective evaluations exists. Due to the speed-flow-density relationship, the influence of the 
traffic density on the evaluation can be attributed to the influence of the speed.  
To derive threshold values from the correlation of the average travel speed and the subjective 
evaluation of the traffic flow quality, the following methods were tested: 
x regression lines adapted to the individual evaluations (Fig. 6), 
x histograms illustrated by frequency distributions (Fig. 7), 
x adaptation of various function types (power function, linear function, sine function, exponential 
function and van Aerde (1995) model) to the class mean value of the individual evaluations, in 
which the best results were achieved by using a power function (Fig. 8), and 
x calculation of the mean and median values of the individual evaluations (Fig. 8). 
 
Figure 3: Subjective evaluations in relation to the average speed on freeways 
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Figure 4: Subjective evaluations in relation to the traffic flow rate per lane on freeways 
 
Figure 5: Subjective evaluations in relation to the traffic density per lane on freeways 
 
Figure 6: Subjective evaluations in relation to the average speed on freeways with related regression lines 
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Figure 7: Subjective evaluations in relation to the average speed on freeways as histograms 
 
Figure 8: Power function adapted to class mean values of the subjective evaluations in relation to the average 
speed as well as median and mean value of individual evaluations for the classification scheme on freeways 
It was found that the values of the different approaches do not differ distinctly. For example, for 
the threshold between the ratings “satisfactory” and “sufficient” on freeways, values between 58 and 
64 km/h were determined. Hence, 60 km/h was chosen as the threshold value. Thus, by using the 
correlation of the subjective evaluations and the average travel speed, threshold speeds for a six-step 
classification scheme were defined as given in Table 1 for freeways and in Table 2 for urban roads. 
Considering the different speed levels according to the particular speed limit, the threshold values 
depend on the type of road and the speed limit on the examined route. The appraisal of congested 
traffic, however, is largely independent of the section´s characteristic. 
In order to provide comprehensible traffic information, the developed scheme was converted into a 
three-step system, which can be easily illustrated by the colors green, yellow, and red. The threshold 
speeds are given in Table 1 for freeways and in Table 2 for urban roads.  
The new classification scheme was compared with existing definitions and evaluation methods. It 
must be considered that the methods from highway capacity manuals like the HCM (TRB, 2010) and 
the HBS (FGSV, 2015) are focused on the design of road facilities. Due to the different application 
areas, comparing the new scheme to these methods is therefore not reasonable. 
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grade 
speed limit (km/h) 
none, 130, 120, variable 100  80  
6-
st
ep
 sc
he
m
e 
very good  120   100   80  
good  100   90   70  
satisfactory  60  
sufficient  40  
poor  30  
unsatisfactory < 30  
3-
st
ep
 
sc
he
m
e green  80   75   65  
yellow  30  
red < 30  
Table 1: Classification scheme for freeways: average speed thresholds (km/h) depending on the speed limit  
grade 
speed limit (km/h) 
70  50  30  
6-
st
ep
 sc
he
m
e 
very good  60  40  30 
good  45  30  25 
satisfactory  20 
sufficient  10 
poor  5 
unsatisfactory < 5 
3-
st
ep
 
sc
he
m
e green  45  30  25 
yellow  10 
red < 10 
Table 2: Classification scheme for urban roads: average speed thresholds (km/h) depending on the speed limit  
As in practice mainly data from stationary detection systems were gained so far, the possibility of 
converting stationary speed values into segment-based average speeds was analyzed. By comparing 
particular detection values to spatio-temporal speed gradients, considerable variations up to ± 50 km/h 
occurred. For freeways, the length-weighted average of the individual detection values allows the 
estimation of segment-based speeds out of stationary speeds for small detector distances.  
Traffic data of the subordinate network are mostly collected by detectors at traffic lights, which 
gain data required for the green time demand and adjustment according to their position. Detection 
systems for determining the traffic condition during free flow between intersections rarely exist. For 
urban roads, the choice of the position for stationary counting systems and the characteristics of the 
route apparently matter. Speeds being detected at stationary devices only refer to a small part of the 
route section. This applies especially to longer routes, on which the traffic flow is regularly interrupted 
by minor intersections and the effect of surrounding buildings. 
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6 Conclusions 
A uniform concept for defining traffic conditions on freeways and urban roads based on the 
average speed per road segment was developed. In order to be applied in intelligent traffic systems, 
traffic conditions need to be identified based on various definitions. In addition, it is preferable to 
initiate traffic control measures before a traffic breakdown occurs rather than reacting to a traffic state 
that is already congested. A uniform classification scheme solely based on one traffic parameter is 
therefore unsuitable for many traffic control and management applications.  
The developed classification scheme rests upon a subjective rating of the traffic flow quality. 
Consequently, it is suitable to convey information about the traffic condition in a way that can easily 
be assessed by users. In order to provide comprehensible traffic information, the developed scheme 
was converted into a three-step system, illustrated by the colors green, yellow, and red. 
With the help of the classification scheme, an exchange of traffic information across different 
stakeholders can take place and potentially lead to a uniform, nationwide traffic information system. 
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